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ABSTRACT 

universe. National AeronamicTand Spa^^ celestial space to the edge of the 

operationally onboard the HST to regularly adiust fnnda**"'! th a f dar< ? f ‘ xed " head star trackers (FHSTs) are used 

science observations. During the first 3 months of ilw mission ^ acquisition of S uide stars for 

85 percent of the time. During the other n^lds he trTcSrT’ J UP ? ted the Spacecraft attitude successfully only 
find any star, or worse, they select^ IncX^f^rS ! T ^ ^ ** ***** StarS ~ either *** to 

office at Goddard Space Flight Center (GSFC) reouesfed ^ OTO " eo f atWud <; updates. In July 1990, the HST project 
"tiger" team to examine these FHST update failures This mnerd^ ™ Sc '? nCeS Cor P° rat,on ( C SC) form an investigative 
investigations that led the team To idXt 7 °[ the ™ ST *** team ’ describes thc 

developed, which uhimately increased die success raie of FHST updaies'^approxISfet "" 

INTRODUCTION 

94.5-inch primary mirror 4e aid^3rir, rfm, “ * ,lclle >'- Chreli “ design Cassegrain telescope with a 

(Reference 1). The PCS is supported hv eiohi .v™,. r cst0 ^ ts performed by HSTs pointing control subsystem (PCS) 
fine guidance “ «*« ^ 

which resulted in ereors early In ^ ™ STs s P*ecraf, anitude! 

updare^htf s^ccaa^t^Utude after tol m'ancuras'"'^^ ^“1“ aSS ‘ S ‘ ““ gr0 “ n<i in VCr ' fv '" 8 thc <,nboard aldlude and to 

reference star whose position error can be used to correct the spacecraffs attitude. ^ reg '° n ^ 3 preseIected 

whde ras™eVSe' h Th P ef ts alonuTe? ^ f ' ° b “™ lions «* “ «*««* -aments 

2‘i^iKSS' ft*/*-* * —»p. while 

by die FGSs. For more information on calibradon of aC<,UiSi,i ° n ° f ' ^ “ S 
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Because of the unique value °f.H^T lienee ^ei^m^me^saen^^se^^ons^e^h^tedM^ ^ redu ced as much as 
make maximum use of unocculted time periods. . im d increase FGS guide star availability. In terms 

possible before FGS guide star acquisitions to mtmm^eFGS s^h d g ^ ^ ^ 

* FHST performance, these cond ^ when, soon after launch, it was discovered 

experienced on previous missions. It therefore beca ^ a “ . J g5 nt of lhe time. The remaining time, updates 

that FHST updates were correctly updating the spacecraft .at tude only 85 ^ ^ ^ ^ ^ ^ 

resulted in two basic types of failures: timeouts andsp01 _ data basc setting. A spoiler failure occurs when the 

reference star or acquired the star fn^calStion of Tn inaccurate attitude update. 

FHST acquires an incorrect star or object (a spo ), ^ - n lurn leads ^ m i sse d science observations. The 

These failures prevent HST's FGSsfrom ac ^ u ‘ ri "| g J' de ^ CSC lo form a special "tiger" team to investigate the cause of 
HST project at Goddard Space Flight Cen er ( i r rom qsfC and other contractors, was also tasked to 

theseUires. This team, which was expanded m calibration" of the FHSTs in their 

Sut^" 


FHST OPERATIONS ON THE HST 


*h a m t is to first obtain an accurate attitude. After a viewing 
One of the keys to performing science h perform an FHST update. As stated previously, 

period has been completed, the spacecraft w. 1 sle* * e ta ® et ^e pre-launch gyroscope scale factor alignment accuracy 
HST depends on calibrated RGAs to accurately reac ^ cse cond/degree of slew following large maneuvers. In-flight 

requirement was such as to permit order of 0.5 arcsecond/degree. Since the First 

calibration of the gyroscopes in July 1990 provided y ^ has ^ improved to approximately 0.3 

Servicing Mission (FSM) of HST *n Decembe , ^ ^ aUitude errors that can accumulate over time 

arcsecond/degree. The purposeof performing FH T Pd gyroscope errors. FHST updates typically bring the 

Z quisitions using the FGSs. The HST issues approximately 70 FHST updates per wee 

The analog NASA standard FHSTs on HST work by raster T^riSSme 

both TFOV (map) mode and RFOV mode^ ^ore^dc scanning in an increasing positive vertical direction and 

differences between the scan modes. encountered within the previously set magnitude threshold 

across, right to left or left to right horizontally. When asta^ s s tar- (track mode). If five cross-scans are 

ssr, s.: : 

Section, Lfeby effectively blanking in a positive vertical direction by 0.2 degree. 

The RFOV also works by raster scanning toward 

command at the vertical center, blanks six vertica mes empty TFOV Track mode works the same way in 

U takes 1.5 seconds to scan an empty RFOV »d predetermined reference star for the 

RFOV as in TFOV, except that the intent in RFO Qr finds a star that i s no t within the voltage 

remainder of the FHST update period. If the scan fails j ^ ^ across the rf 0 v with no blanking or 

(magnitude) tolerance set by ground command, the FHS aDDrox irnately 0.6 degree (flight experience has shown 

jumping. If a break track command is scanning continues (Reference 5). The 

0.72 degree to be a more accurate value) p onboard software can compare the current position of the 

spacecraft remains fixed on the star after acquisi ' ^ iUon of the star (uplinked to the spacecraft) at that altitude, 

preselected star (within the tracker frame) wi pec P attitude by issuing a slew to correct for this 
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Figure 1. Generic FHST Description Diagram 


uruA i *, rKULEDURES 

miS T" S h pecificali0n (SMS >- ^ SMS acts as a scrip, for 

perfomi science observations, and when to perform an FHST update Th ^ an spacecraft when to slew - when to 

Center (POCQ Applications So ftw“ ' S rcad by lhe Payload °Petations Control 
generates commands. In this context PASS plans the phct mana ^ ment software, which verifies constraints and 
mission schednling software to sche“ ui ™ updato ^ ““"S S,CpS are perfo ™ ed by "* p ASS 

'■ SaSo7«^^ CheClS “ ~ «*“ ™ STs - — - - unavailable due to 


2 ' 

BADST/^s ll file VaI iTto e BADST^^ a Jy^ < ^ ^s^uOTtia^file^ihar r ^be 11 0 j Pb ^' t ’ oa ' uacmlatatT^and^e mg'in^he 
reference star consideration. The star information n^/t ^ ^ Updated to exclude undesirable stars from 
generated from the PASS SKYMAP run catalog This run gr ° und ‘! )i *f ed Predictions and processing is 

generated by the National Space Science Data Cenmr anH • ° g 1S 3 Subsel of lhe SKYMAP master catalog that is 

for HST requires a subs t of Ms Z Only Z that ^ M The gr0und Software 

catalog. g ' y StarS thal the trackers “® ca P ab| c of seeing are necessary for this run 


base distanced the bore^h^atfeH^ 2 ' II '? rifies that the star is within a data 

the edge of the RFOV, andthat it is well ** “ " ^ * ** ^ V * Ue ° f 

™Set;xt;rw £• JissiM; s, t 3 - one “ u cto te «< » * « ^ » an 

less sensitive) of the FHST TFOV being fnrth f t0 eX1St ° f where tIie tracker is determined to be 

~ ^ X* : ZZZ2Z2-S2 ssnss 
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If all of these tests are passed, the ° ne star P^ses the 

are chosen, then no update is performed. If a lhr ^ e . V tracker. The following information, 

sra - - — — <oBc >' 

to be used in conjunction with tracker alignment data. 

. Locmicnofd'sMmrauxp'CedMi.udc - The position of the star, in horizontal and vertical counts, in FHST 
coordinates, are taken from steps 3 and 4 of the previous procedure. 

acquisition. 

' OBC is Panted in 

Reference 3. 

c^puub^(maneuver mode) or wait until requested to issue the update (delayed mode). 

. , ,, , HCT _ Thp fHSTs have four threshold settings, each of which is 

• Magnitude threshold setting for the FHST - te i to magnitudes 3 , 4, 5, and 6 (commonly 

hardware-voltage dependent. The voltages correspond, ap ilTte sensitive to stars brighter than the 

referred nr as a "wide open" value). When set to tee *■«.?■ o^sTn^t, star that is brighter than 
limit. For example, if the tracker is set, to a . ^^“^.^^brfghw than 5 nt v . A setting of 
^aXotogiown 1 livare creaUon limit of the internal photocathode tubes. 
SSSSm* stud, i the !££.’ 

SEE' — i — * - “ - — — 4 ’ 5 ' ^ 6 for lhe 

magnitude. 

ASStTiSST^ rcs , t^^r^^ ) i^^S“»V P <»tr res 

(Reference 7). 

PROBLEM APPROACH 

On July 6, 1990, GSFC requested that CSC assemble a . ll ® e ^ FHST update failures 

failure problem. The team decided that the best ap P r ^ c ^ ® s ^ enature of an update, analyze all failures and categorize 

*en^^ 

TO full, analyze and categoHze FHST update failure 

failure data was used. All of the predictive darn o P ^ appropriate reference starts), generates the 

™ v p,w ihai indudcs lhe 

RFOV, the reference star, and all nearby spoiler stars. 

Once the update is executed onboard HST XS^mUons^ (MORMf^ m ‘raS^Zaly 

HST Lmaly report (HSTAR). FHST failure analysis beg, ns after the tiger team 

receives the HSTAR. 
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observation intensity (volts^of^FfKT^caiTcan^ 7^ raW horizoma > 31111 vertical counts and the 
determination sofW. ‘““T' P f "'T by "" PASS «* “■>-* 

HST engineering support system It is typically from these H ata • canca " ttlso be provided by plots generated by the 

be categorized. The DF-224 Analysis and Software Deveiopm^tFacilhyPt^Dl^rea 3 lhal * fa “ urc C3n 

the tiger team to obtain history data of FHST undates that hL a , , real-time graphics system was used by 

dm HST engineering “? >» the past. This system replug 

used extensively to create a history of earlyms? suSe^Se” d ' SplayS ' The DASDF systen " ™> 

SKmAP^stL^^^ fW * T ilCT ^ Tba 

acquired during the update. For other spoiler objects the L h w ^ re vommonly used to identify spoiler stars 

SAO sky atlases were used. ADsTlXL Ernie ST’'?? ““ SyS ' em (ADS >' “ d ^ *** >950.0 and 

astrophysics catalog data. 1 e ata system, supported by NASA, that provides access to 

The first determination resulting from this analysis revealed that HST'c ptjqto • • 

expected. It had been documented that FHSTs could w ,io , HST ™ S T were more sensitlve than originally 
contained stars downs to 6.7 nCIpac^ <* 5 7 »<> «"« »«• reference star catalog 

to include dimmer stars. Although reference stars dimmer rh c n 1 W3S necessar y t0 extend the SKYMAP run catalog 
that were being seen within the RFOV a r tpr i 1 #■ ^ mv WCre not se ^ ecte ^» dimmer stars (down to 7.1 m v ) 

includesumtdown o7 m AneSerc” nnT I- The «** was adjusted m 

stars, and stars with large proper nS from tel chose^ r °” *r“"" WaS “ prevenl double surs ' variable 
TTiis action thereby allowed the software to ch^f anaternf If “ rel3in lhen1 35 Potential spoiler stars, 

bringing the success rare up to approZl” » pelen, " ' f 0ne ° f S P°»" 3 was in the RFOV, 

The data base of update successes and failures was begun on Jnlv 1? toon t, . a roc 
The following information was kept on each update date time FHST m.mh ! ™ Sted of 3 ’ 515 u P dates at completion, 
expected position (right ascension and declinadnrO T ,’ ’ FHS J Umber ’ telemetr y slot, category, SKYMAP number, 

intensity, threshold 4Lg , Sf V cmer c^na ts IT ^ t*™* >“““? of « >» ™ST. magnitude: 

reviewing these updates the tiger team was able H r 3 P 3cecr aft atutude (right ascension, declination, and roll). By 

subsequent analysis identified two additional categories 'fch T" 0 ' Upd ? tC fa 7 ure talegonc1 th3 t required investigation; 
studies were se, up to analyze thesetiimes 8 CaK80ry ' S deSCnbcd “ ll “ il >" A P>*" d " A The following 

• FHST sensitivity (References 6, 8, 9, and 10) 

Data correlations (stellar magnitude versus failure, RFOV position versus failure rfov nr,c v 

Stati™ of r 7“ T“ SS/failUre ’ “"V ^ aaceesVfailumr ^ VerSUS 

Discussions with the US ' n8 " ,f0rmaUo,, from olher “ ('-8- SAO) 

Possible algorithmic modifications 

Creation of a FSW reference star quality test (the "error box") 

Tuning the ground star selection algorithm 

lTand e i d 3) by ** *** ^ ° ” SePtember ° Ct ° ber 25> and 0ctober 
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By studying to dans and the various calories, solutions were developed. Solutions wee reduced to the following main 
subject areas: 

. p.co CKYMAP run catalog had to be updated twice to account for the dimmest 

couTdS. which acted as spoilers, and an additional time to correct for magnitude errors .« the 

master catalog. 

1. Hardware properties, which ranged from gaining opentoud ex ^"^ to 

, tpov RFOV and voltage (magn tude) threshold limits, to supporting less sensitive m 

and dam base changes to accommodate these updates. 

3 . Command^ problem, which ranged from command group information corrections to command riming 
modifications. 

sSm dlan the RFOV), and ,0 increase the likelihood of finding dm codec, star, 
description of new problems created is presented in Appendix B. 

CURRENT STATUS 

On December 2, 1903, the Space Shuttle 

replace failed equipment, and add the "' w W1 e ‘ -L accidentally damaged or misaligned because they are located in 
on the FHSTsdtere was concern** Scopes that were replaced. Following die FSM, it was verified drat 

remained unchanged and FHST updates and maps worked as expected. 

From October 1993 to March ‘^j'^^^js^^^thSsM^^gl^nd system has been set up to assume that 

of uncalibraled RGAs during the FSM, esc type Excluding these failures from computations gives a success rate of 
errors within the FHST hardware or b^utn of ^ 6 remaining failures is as follows (the category 

98.79 percent over the most recent 130 days. Ihe oreaKaown ui 

number is as indicated in Appendix A). 

Seven category 2 failures, all on the same reference star, which was located less than 400 

Two WtaM Ttta SW ta*S-back spoiler acquisition caused by a RFOV problem 
Two delayed-mode update duration problems 
Two blanking problems 

Two potential Artificial Earth Satellite (AES) acquisiUons 
One category 9 failure, when the FHST acquired a bright open cluster 

Of all of these failures, only the potential ret^em^ a 1 -month period. Note 

a plot of FHST update successes versus time^ Each po ^ ihrough Seplember 1993 . The anomalous point in 

Seml^Tco®^ 2 failures of die same sun. Darn base changes are being made to prevent ,s 

failure from occurring again. 
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Figure 2. FHST Successes (July 1990 to March 1994) 

Analysis of FHST failures will continue on HST. Adjustments may need to be made to RFOV and error box blanking sizes 
to reduce or eliminate these failure categories. Category 9 spoiler problems can be solved with updates to the BADSTARS 
file or by installing future versions of the SKYMAP catalog that will contain updated star information. No software or data 
base changes are planned to prevent potential AES problems because they occur too infrequently (only three have occurred 
in the last 2 years) to impact FHST operations. Further work on the least understood failure types (categories 1, 2, and 3) is 
in progress. Many category 2 failures have been reclassified as other anomalies, including the recent discovery and fix of 
the delayed-mode update duration problem. The last category 1 and 3 failures were recorded in September and July of 
1993, respectively. These failure types are not currently impacting FHST operations. As of March 1994, the FHST update 
success rate was approximately 99 percent. 


SUMMARY 

This paper has presented a review of investigations undertaken to improve the reliability of FHST attitude updates 
performed by the HST. An update failure rate of roughly 15 percent, with an associated significant loss of science, was 
experienced during the beginning of the HST mission. Extensive investigations have led to a categorization of the 15 types 
of update failures and the development of operational solutions that have reduced the failure rate to roughly 1 percent. 
Investigations continue with the goal of improving FHST update reliability even further. 
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APPENDIX A - FHST FAILURE CATEGORIES 


This appendix lists the FHST failure categories that were determined by the tiger team. Each failure that was examined 
was analyzed and assigned a category. For each category, the symptoms of the failure are described, the causes or 
suspected causes listed, and the current status (as of March 1994) is given. 


Table A-l. FHST Failure Categories (1 of 2) 


■aMUjiUMI 

Title 

Symptoms 

Causes 

Status 

1 

RFOV Excursions 
With Noise Spikes 

The raw data show a noisy scan 
in both horizontal and vertical 
directions with excursions 
outside the RFOV. Intensity 
spikes greater than the expected 
reference star intensity are seen. 

Under study. The noise in the 
data implies that bright light is 
in the RFOV. Stray light from 
reflections off the sun shades 
or solar arrays has been 
considered a possible source. 

Under analysis. These 
failures are responsible for 
8% of all failures since 
April 1992. 

2 

Star Not Acquired 
in RFOV; No 
Noise on 
Magnitude 

Clean, blank scans in both 
horizontal and vertical 
directions are observed with no 
recorded intensity beyond 
typical background noise. 

Under study. The blank scan 
and lack of intensity imply 
that the RFOV is empty or that 
the shutter for the FHST is 
closed. Some category 2 
anomalies have been 
attributed to commanding 
errors, reference star 
magnitude errors, and large 
HST attitude errors. 

Partially corrected. 

Software and data base 
changes have eliminated 
some of these failures but 
other unexplained ones 
continue to occur. Category 
2 failures are responsible 
for 16% of all failures since 
April 1992. 

3 

Star Not Acquired 
in RFOV; 
Magnitude Spikes 

Clean, blank scans in both 
horizontal and vertical 
directions are observed with 
recorded intensity spikes 
typically up to the expected 
reference star intensity. 

Under study. The intensity 
spikes for this anomaly imply 
that some object with 
brightness close to the 
reference star is in the RFOV, 
but for whatever reason cannot 
be acquired. Many of these 
anomalies have been caused 
by thresholds being 
improperly set. 

Partially corrected. 

Software and data base 
changes have eliminated 
some category 3 failures 
identified as threshold 
problems (see below) but 
other unexplained category 
3 failures continue to occur. 
Category 3 failures 
responsible for 1 6% of all 
failures since April 1992. 

4 

Acquired Spoiler 
Star Outside 
RFOV; No 
Intensity Noise 

A spoiler star is acquired 
outside the predicted RFOV. 

The true FHST RFOV sizes 
are not precisely known. 

Corrected 

5 

Reference Star 
Outside RFOV 
Due to Attitude 
Error 


The reference star selected 
had a predicted position too 
close to the edge of the RFOV. 
Large HST attitude errors 
positioned the reference star 
outside the RFOV. 

Corrected 

6 

Flight Software 
Command Timing 
Error 

The A channel for FHST data 
appears empty while the B 
channel contains the expected A 
channel data. 

Internal FSW had a A/B 
channel, DF-224 40Hz/lHz 
processor timing problem. 

Corrected 

7 

Ground 

Commanding Error 

The FHST update was not 
issued. No data were available 
(FHST shutters closed). 

An error existed in the set-up 
of ground software command 
groups. 

Corrected 

8 

Spoiler Star; 
Uncertainties of 
Attitude Position 

The acquisition of a spoiler star 
inside the predicted RFOV. 

The spoiler star, with a 
predicted position outside the 
RFOV, was relocated inside 
the RFOV due to spacecraft 
attitude error. 

Corrected 
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Table A-l. FHST Failure Categories (2 of 2) 


warns* 

Title 

Symptoms 

Causes 

Status 

9 

Spoiler Object; Not 
Identified in PASS 
Star Catalog 

The acquisition of a spoiler 
object inside the predicted 
RFOV. 

1) A star too dim to be in the 
PASS reference star catalog 
but bright enough to be 
acquired by the FHSTs; 2) 
open clusters, globular 
clusters, and bright galaxies 
(none of which are in the 
PASS star catalog); or 3) very 
bright planets or stars not 
predicted to be located in the 
RFOV, but inside due to large 
FHST distortion calculation 
errors. 

Corrected for causes 1 and 
3. Cause 2 failures can be 
corrected on a case by case 
basis using the B ADSTARS 
file. Cause 2 failures of 
category 9 account for 14% 
of all failures since April 
1992. 

10 

RFOV Outside the 
TFOV 

Clean, blank scans in both 
horizontal and vertical directions 
are observed with no recorded 
intensity beyond typical 
background noise. 

RFOVs were allowed to 
extend outside the TFOV. 
Reference stars could be 
scheduled outside the TFOV 
and therefore not acquired. 

Corrected 

11 

Catalog Magnitude 
Error 

Clean, blank scans in both 
horizontal and vertical directions 
are observed with no recorded 
intensity beyond typical 
background noise (similar to 
category 2). 

The SKYMAP Master 
catalog, used as the source for 
the PASS reference star 
catalog, contained magnitude 
errors for some reference 
stars used. Updates using 
reference stars whose 
magnitude were too dim to be 
acquired could be scheduled. 

Corrected 

12 

Potential Artificial 
Earth Satellite 
(AES) Interference 

A good acquisition of reference 
star; interruption by bright, 
moving object, is observed. 

Possible AESs. Past suspects 
included the Space Shuttle, 
GRO, and TORS. 

Uncorrected. Category 12 
failures account for 5% of 
all failures since April 
1992. 

13 

Threshold Problem, 
Reference Star Not 
Observed in RFOV 

Clean, blank scans in both 
horizontal and vertical directions 
are observed with recorded 
intensity spikes typically up to 
the expected reference star 
intensity (similar to category 3) 

The PASS software assigned 
a FHST threshold setting 
(3,4,5, and 6) for reference 
stars assuming the hardware 
used 3.0, 4.0, 5.0, and 6.0 
magnitudes, respectively, as 
accurate threshold cutoffs. A 
reference star could be 
scheduled with an incorrect 
threshold setting and 
therefore not acquired. 

Corrected 

Blanking 

FHST Error Box 
Blanking Problem 

A spoiler star, with an expected 
position inside the RFOV but 
outside the allowable reference 
star region, is acquired. FHST 
breaks track off the spoiler but 
the reference star is not 
acquired. 

The blanking sizes of each 
FHST are not precisely 
known. 

Partially corrected. True 
blanking sizes are currently 
being studied. Blanking 
failures account for 24% of 
all failures since April 
1992. 

TFOV 

Problem 

Reference Star Too 
Close to the TFOV 
Edge 

Clean, blank scans in both 
horizontal and vertical directions 
are observed with no recorded 
intensity beyond typical 
background noise (similar to 
category 2). 

The FHST update was 
scheduled with the reference 
star too close to the TFOV 
edge. The TFOV sizes of 
each FHST are not precisely 
known and large flat- field 
distortion exists near the 
edges. 

Under analysis, TFOV 
problems account for 6 % of 
all failures since April 
1992. 
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APPENDIX B - FHST FAILURE SOLUTIONS 


This appendix lists the FHST failure solutions that were determined by the tiger team. For each solution, a title and 
description is provided along with a list of the categories (from Appendix A) affected and descriptions of problems solved 
and created during the solution process. Solutions are grouped according to the following types: 

1. Star catalog issues 

2. Hardware properties 

3. Commanding problems 

4. Implementation of an error box 


Table B-l. FHST Failure Solutions - Star Catalog Issues 


Title 

Description 

Categories 

Affected 

Problems Solved 

Problems Created 

Modified 

BADSTARS 

File 

Stars were added to a PASS 
software namelist to prevent a 
particular star from being 
selected as a reference star. 

3,9, 11 

Stars with SKYMAP catalog 
magnitude errors (category 11) 
were placed in the BADSTARS file 
until SKYMAP master catalog and 
then run catalog updates became 
available. Many stars were added 
as a result of comparing SKYMAP 
with the TYCHO star catalog. 
Reference stars located near bright 
stellar objects not in the PASS star 
catalog were placed in the file on a 
case-by-case basis to solve category 
9 failures. Particular troublesome 
reference stars with category 3 
failure behavior were also placed 
in the BADSTARS file to prevent 
their selection in the future. 

The reduction of the 
number of reference 
stars available can make 
FHST update 
scheduling slightly more 
difficult. 

Updated PASS 
Star Catalog 

The PASS reference star catalog 
was updated to increase the 
limiting star magnitude from 
6.7 m v to 7.1 m v (containing 
close to 25,000 stars) and finally 
to 7.5 m v (containing over 
40,000 stars). This magnitude 
limit was increased based on 
stars observed by the FHSTs. 
This change allowed inclusion of 
stars where the catalog listed a 
them as very dim but with large 
errors on the magnitude or 
variables. 

9 

The catalog updates eliminated 
many of the category 9 failures 
where the spoiler star was too dim 
to be in the PASS star catalog (see 
References 6, 8, 9, and 10). 

The increased number 
of potential spoilers for 
sensitive FHSTs 
reduced the number of 
available updates. 

Installed 
SKYMAP Star 
Catalogs, 
Versions 3.5 
and 3.7 

SKYMAP master star catalog 
has been updated twice since the 
launch of HST. These newer 
versions of SKYMAP contained 
more accurate star data as well 
as corrections to previous errors 
in star magnitudes and positions. 

11 

The SKYMAP updates prevented 
all previous category 1 1 failures 
from reoccurring and allowed the 
removal of many stars from the 
BADSTARS file. 

None 
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Table B-2. FHST Failure Solutions - Hardware Properties (1 of 2) 


Title 

Description 

Categories 

Affected 

Problems Solved 


Modified 

FHST 

Threshold 

Tolerances 

The PASS software data base was 
modified to increase the 
tolerances on FHST threshold 
settings. These tolerances are 
used to isolate reference stars 
from spoiler stars. 

1,2,3 

This fix, implemented shortly after 
launch, greatly reduced the number 
of timeout failures. By increasing 
these threshold tolerances, many 
reference stars previously selected 
when there were spoilers inside the 
RFOV were now rejected. 

The number of updates 
that could be scheduled 
was reduced. 

Increased 
FHST Update 
Search Times 

The FSW data base was modified 
to increase the FHST update 
search time for a reference star 
from 20 seconds to 45 seconds. 

1,2,3 

Some of these time-out failures 
appeared to have eventually 
acquired their reference stars. This 
increase in FHST update search 
time was thought to eliminate those 
failures. 

None 

Used FHST 
Undesirable 
Regions 

The PASS software data base was 
modified to apply an undesirable 
region to the one-third most 
negative horizontal portion of the 
FHST-3 FOV. This allowed a 
reference star to be selected in 
this region only if no other 
candidate stars existed. 

1,2,3 

A large number of time-out failures 
occurred in this region of FHST-3. 
Avoiding this region was thought to 
have helped schedule better 
updates. 

By not selecting a 
reference star in the 
undesirable region, the 
reference star selection 
algorithm was forced to 
attempt to select a star 
that may be less 
preferred by other 

Installed 

Rectangular 

RFOVs 

_ 

The PASS software was modified 
to model the dimensions of each 
FHST's RFOV as rectangles 
instead of 1.5-degree squares. 
Hardware acceptance test data 
show these modifications: 

FHST H° V° 

4 

The PASS software change 
eliminated most of the category 4 
failures. The change also greatly 
improved the quality of update 
scheduling by allowing better 
spoiler protection control via data 
base parameters. It also eliminated 
awkward data base workarounds. 

predetermined criteria. 
Occasional update 
failures caused by the 
true RFOV sizes not 
being consistent with 
the hardware acceptance 
test data still occur. 

1 1.65 1.52 

2 1.64 1.53 

3 1.56 1.41 

Operational experiences show the 
RFOV to be the following for 
reference star selection and 
spoiler protection, respectively: 

FHST H° V° 

1 1.338 1.340 

2 1.300 1.300 

3 1.380 1.240 

FHST H° V° 

1 1.818 1.553 

2 1.808 1.563 

3 1.728 1.443 



Table B-2. FHST Failure Solutions - Hardware Properties (2 of 2) 


Title 

Description 

Categories 

Affected 

Problems Solved 

Problems Created 

Restricted 
Reference Star 
RFOV 
Positions 

r — 

PASS software data base 
modifications were made to 
restrict the position of reference 
stars sufficiently away from the 
RFOV edge. 

2,5 

The PASS software change 
eliminated the category 5 failures. 
Forcing the reference star towards 
the interior of the RFOV was also 
thought to have reduced category 2 
failures. 

None 

Added TFOV 
Pad 

The PASS software was 
modified to include a pad 
around the TFOV for spoiler 
checking. This pad is used 
when a FHST RFOV is selected 
near the edge of the TFOV. 

8 

Eliminated category 8 failures 
where the spoiler was expected to 
be outside the TFOV (and therefore 
not in the RFOV) but came in due to 
attitude error. (Discussions with the 
manufacturer revealed that the 
TFOV can actually extend to 8.5 
degrees, although it is not usable for 
placing reference stars.) The 
software modification allowed for 
more control on the size of the 
TFOV and the removal of 
complicated data base workarounds. 

None 

Improved 
Magnitude to 
Intensity 
Conversion 
Model 

The PASS software was 
modified to more accurately 
convert very bright planets and 
stars’ visual magnitudes to 
voltage intensities for FHST 
FOV distortion calculations. 

This improvement eliminated 
large predicted position error for 
bright obiects. 

9 

The PASS software change 
eliminated all category 9 failures 
caused by very bright planets or 
stars. 

None 

Restricted 
FHST RFOV 
Centers 

U1 1 4 V wujvvw. 

The PASS software data base 
was modified to prevent FHST 
RFOVs from overlapping the 
TFOV. 

10 

The data base modification 
eliminated all category 10 failures. 

None 

Improved 

FHST 

Threshold 

Settings 

The PASS software was 
modified to allow the FHST 
reference star selection 
algorithm to use more accurate 
voltage intensity threshold 
settings instead of rough 
magnitude approximations. 
These threshold settings were 
assigned values based on FHST 
hardware acceptance test data 
and operational experience. 

13 

The PASS software change 
eliminated category 13 failures and 
allowed the removal of complicated 
data base workarounds. 

None 
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Table B-3. FHST Failure Solutions - Commanding Problems 


Title 

Description 

Categories 

Affected 

Problems Solved 

Problems Created 

Increased 

Delayed-Mode 

Update 

Durations 

The PASS software data base was 
modified to increase the duration 
of delayed -mode updates to allow 
sufficient time for full onboard 
processing. 

2 

Special time-out failures where a 
delay ed-mode update was scheduled 
shortly before the HST entered 
occultation were eliminated. 

Several of these failures were 
initially placed in category 2. 

None 

Corrected 
Flight Software 
Command 
Timing 

The FSW was modified to correct 
the DF-224 40 Hz/1 Hz processor 
timing problem. 

6 

The FSW change eliminated all 
category 6 failures. 

None 

Modified 

Ground 

Command 

Groups 

The operational ground software 
command groups were changed to 
prevent a known FHST update 
commanding error. 

7 

The modified command groups 
eliminated all category 7 failures. 



Table B-4. FHST Failure Solutions - Implementation of an Error Box 


Title 

Description 

Categories 

Affected 

Problems Solved 

Problems Created 

Implemented 
FHST Error 
Box Checks 

The error box check is a method 
implemented in both the ground 
and FSW to allow the OBC to 
quickly determine whether or not 
the desired reference star is being 
observed by the FHST. The PASS 
software schedules an update with 
a reference star inside a special 
data-base-sized isolation region 
within the selected RFOV. 

4,8,9 

Most spoiler problems occur where 
the spoiler object is located outside 
the error box. This change in 
PASS software increased the 
number of reference stars available 
for an FHST update because the 
required reference star isolation 
region was reduced. 

Spoiler star failures 
caused by 
improperly 
predicted blanking 
by the FHSTs 
(blanking category) 
were introduced. 


This isolation region should be equal to the expected FHST hardware blanking size plus the expected HST 
attitude error. This new reference star isolation algorithm allows for spoiler stars to reside within the RFOV as 
long as they are outside the specified isolation region. Once isolated, the reference star position in observation 
coordinates are uplinked to the spacecraft. When the FHST observes a star, the error box check requires that 
the observed coordinates be directly compared with the uplinked coordinates. If the comparison is successful 
within the bounds of the anticipated attitude error, the FHST can proceed with the attitude update. If the error 
box check fails, a break track command is issued, the FHST blanks six or seven scan lines (approximately 0.72 
degree) (as described in the RFOV description in the BACKGROUND section), and the search for the 
reference star continues. Currently, three error box checks are issued each update. The third of the checks must 
be successful or the update fails, (see Reference 14). This operation was verified in a spacecraft test that 
occurred during the week of August 12, 1991 (see References 14, 15, and 16). 


91 




REFERENCES 


1. National Aeronautics and Space Administration (NASA), HST 1 st Servicing Mission Reference Guide. Sunnyvale, 

California: Lockheed Missiles & Space Company, Inc. 

2. G. L. Welter, "The In-Flight Calibration of the HST Attitude Sensors, "Proceedings of the GSFC Flight 
Mechanics/ Estimation Theory Symposium 1991, May 1991 

3. R. McCutcheon et al., "In-Flight Scale/Distortion Calibration of the Fixed Head Star Trackers," Proceedings of the 
GSFC Flight Mechanics/Estimation Theory Symposium 1994, May 1994 

4. Ball Aerospace Systems Division, TM 79-04A, Users’ Guide for the Standard Star Tracker, June 1981 j 

5. Computer Sciences Corporation (CSC), Minutes of the Fixed-Head Star Tracker Update Tiger Team Meetings 

With Ball Aerospace (Final), M. Nadelman, October 19, 1990; based on meetings of September 5 and 6, 1990 I 

i 

l 

6. P. Davenport, "HST FHST Intensity to Visual Magnitude Calibration," CSC, Internal Memorandum, August 31, 

1990 

7. CSC, CSC/TM-88/6103, Hubble Space Telescope Flight Software Examination for the Pointing Control 
Subsystem (Revision 2), L. Hallock, March 1990 

8. P. Davenport, HST FHST Intensity to Visual Magnitude Calibration II, CSC, Internal Memorandum, June 6, 1991 

9. G. Welter and J. Karl, HST FHST Intensity to Visual Magnitude Calibration III, CSC, Internal Memorandum, | 

March 17, 1992 j 

10. G. Welter and J. Karl, HST FHST Intensity to Visual Magnitude Calibration IV, CSC, Internal Memorandum, 

April 15, 1993 

11. CSC, Hubble Space Telescope (HST) POCC Applications Software Support (PASS) FHST Tiger Team Status, 

September 7, 1990 

12. Hubble Space Telescope (HST) POCC Applications Software Support (PASS) FHST Tiger Team Status, October 
25, 26, 1990 

13. Hubble Space Telescope (HST) POCC Applications Software Support (PASS) FHST Tiger Team Status, 

February 22, 1991 

14. M. Nadelman, Test SMS and Expected Results for the FSW FHST Error Box Test, CSC, Presentation, August 1991 

15. NASA/Goddard Space Flight Center (GSFC), Plan for the On-Orbit Test of the Flight Software FHST Error Box 
Modification, A. Leibowitz and C. Turner (GSFC) and M. Nadelman (CSC), August 1991 

16. M. Nadelman, Analysis of Results and Recommendations for the FSW FHST Error Box Test, CSC, Presentation, 

August 1991 


92 


"■“I ! I 1*1 I II | Mil nil. (Ill i ; ii 111 , 1111 . 111.1 lii l.li .Hill Ji iliMaiB 



ACKNOWLEDGMENTS 


We extend our thanks to the FHST tiger team, which, in addition to the authors, was made up of the following analysts 
from the HST community: Bill Collier, Paul Davenport, Ray Kutina, Robert McCutcheon, Tom Pfarr, and Milt Phenneger 
of CSC; Kevin Grady, Joe Hennessy, Bill Ochs, and Mike Wright of GSFC; Mike Brunofski of AlliedSignal Technical 
Services Corporation; and Theresa Gaston of Jackson & Tull. 

We also thank Dick Deters, James McQuerry, and Dave Wagner of Ball Aerospace for their assistance in providing vital 
information about how FHSTs work and for their assistance in the analysis of some early anomalous data. Special thanks 
are extended to Michael Gross and Marilyn Newhouse for investigation of software workarounds and checking for software 
errors. Thanks also go to Robert McCutcheon and Gary Welter for their advice and review, and to Joan McFarland for her 
tireless efforts in the editing of this paper. 


93 





